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(54) FLUORORESIN POWDER COATING COMPOSITION 



(57) To provide a fluorine-conlaining resin powder 
coating composition giving a fluorine-containing resin 
coating film having a high whiteness, and various arti- 
cles having on an outer surface thereof a coating film 
which has a high whiteness and can be produced by 
applying the fluorine-containing resin powder coating 



composition. The fluorine-containing resin powder coat- 
ing composition is subjected to baking at SOCC or more, 
and the fluorine-containing resin composition for form- 
ing the coating film comprises surface-treated rutile ti- 
tanium oxide particles as a whitening agent. 
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Description 

TECHNICAL FIELD 



[00011 The present invention relates to a fluorine-containing resin powder coating composition which gives a fluorine- 
containing resin coating film having a high whiteness and to various articles having the fluorine-containing resin coating 

BACKGROUND ART 



[00021 Fluonne-containing resin coatings have been used widely for coating of an outer surface of chemical equip- 
ment and parts of a plant of chemical industry such as a reaction tank, reservoir tank, reaction tower. Inner lining of 
piping, agitator and processing roll by making the best use of excellent properties of a fluorine-containing resin such 
15 mnni''^"^!^^ ■ ''^s'stance. non-sticking property, chemical resistance and electrically insulating property. 
[0003] The fluorine-containing resin powder coating composition Is subjected to baking at high temperature partic- 
ularly at 300 C ormore afterthe coating, and therefore foaming arises easily due to thermal deterioration of the fluorine- 
containing resin, and addition of a themial stabilizer Is essential. 

[0004] The addition of a thennal stabilizer can Inhibit the deterioration of the fluorine-containing resin considerably. 
However since the themial stabilizer Is deteriorated, there is a problem lhat the fluorine-containing resin coaling film 
which is originally transparent and white Is subject to a change in color into brown or black or non-uniformity of color 
after the baking due to a residue of the deteriorated stabilizer. Themial deterioration of the fluorine-containing resin Is 
also considered as a cause for the color change. 

[0005] On the other hand, in the fields of medicines, foods and medical hygiene, from a point that staining of tanks 
for synthesis and storage of chemical substances is difficult to recognize when a dari< coating is used and also from 
mnn«"^* °' ^PP^^'«"*=® ^^^l cleanliness, a coating color is demanded to be as approximate to white as possible 
[0006] A usual method of making a color of coating film white is a method of incorporating a white pigment for coating' 
Examples of known white pigment are titanium oxide, calcium carbonate, zinc oxide, barium sulfate, and the like The 
inventors of the present invention have made experiments and as a result In case of general-purpose white pigments 
for coating, non-uniformity of color arose and a satisfactory coating film could not be fomied 
30 [00071 An another approach is a method of changing a themial stabilizer. However even in this approach a color 
change could not be inhibited only by changing the themial stabilizer Moreover the addition of the white pigment for 
coating still causes non-unifomnity of color, 

[0008] An object of the present invention Is to provide a fluorine-containing resin powder coating composition which 
gives a fluorine-containing resin coating film having a high whiteness. 
35 [0009] Another object of the present invention is to provide various articles having on an outer surface thereof a 
poJitton ^ whiteness and is obtained by applying the fluorine-containing resin powder coating com- 



DISCLOSURE OF INVENTION 

'''^^^"^ invention relates to the fluorine-containing resin powder coating composition to be sub- 
jected to baking at 300=C or more, in which the fluorine-containing resin composition forforming a coating film contains 
surface-treated rutlle titanium oxide partkjies as a whitening agent. 

[001 1] In the present Invention It Is preferable that the fluorine-containing resin composition for forming a coating 
f^m comprises a fluorine-containing resin, a thermal stabilizer and surface-treated rutlle titanium oxide particles and 
that the fluorine-containing resin is a perfluoro resin, particularly a melt-moldable perfluoro resin and the themial sta- 
bilizer has a melting point of not less than 70°C. 

[00121 Further the present invention relates to the coating film which Is obtained by applying the above-mentioned 
coating composition of the present Invention and baking at 300-C or more and has a whiteness of 60 or more and 
relates to the articles having the coating film on a surface thereof. 

BEST MODE FOR CARRYING OUT THE INVENTION 

(00131 The fluorine-containing resin to be used for the fluorine-containing resin composition for fomiing a coating 
film of the present invention is one which can stand baking at 300»C. The fluorine-containing resin may be a perfluoro 
resm or a nori-perfluoro resin such as vinylidene fluoride copolymer, ethylene-tetrafluoroethylene copolymer or ethyl- 
ene-chlorotrif luoroethylene copolymer. From the viewpoint of excellent heat resistance, solvent resistance, non-stlckinq 
property, chemical resistance and electrically insulating property, the perfluoro resin Is preferable Also among the 
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perfluoro resins, melt-moldable perfluoro resins are preferred to polytetrafluoroethylene (PTFE) which is difficult to be 
melt-molded, from the point that a film forming property thereof is excellent and pin hole is difficult to arise. 
[0014] Examples of the preferred melt-moldable perfluoro resin are letrafluoroethylene (TFE) copolymers, for in- 
stance, copolymers of TFE with at least one of perfluoro(alkyl vinyl ethers) (PAVE) and hexafluoropropylene (HFP). 
5 Particularly TFE, PAVE and/or HFP copolymers, concretely TFE/PAVE copolymer (PFA), TFE/HFP copolymer (FEP) 
and TFE/PAVE/HFP copolymer are preferred. 

[001 5] Examples of PAVE are one or more of perfluoro(methyl vinyl ether) (PMVE), perfluoro(ethyl vinyl ether) (PE- 
VE). perfluoro{propyl vinyl ether) (PPVE), and the like. Particularly PPVE is preferable. 

[0016] One of the features of the present Invention is that the fluorine-containing resin composition for forming a 
10 coating film comprises surface-treated rutile titanium oxide particles as a whitening agent in addition to the fluorine- 
containing resin. 

[0017] It is necessary that titanium oxide to be used in the present invention is surface-treated and a crystalline form 
thereof is of rutile type. As shown in Comparative Examples mentioned hereinbelow, in case of un-treated titanium 
oxide which is a general-purpose white pigment for coating, non-uniformity of color arises, and also even in case of 
15 anatase titanium oxide which is titanium oxide having another crystalline form, non-uniformity of color occurs. 

[0018] It Is preferable that a surface-treating agent for rutile titanium oxide is one comprising aluminum oxide and/ 
or silicon oxide, more preferably one containing silicon oxide in a larger amount. 

[0019] An average particle size of titanium oxide is not limited particularly, and is. for example, from about 0.1 \im to 
about 1 .0 |im which is a si^e of commercially available titanium oxide. 

20 [0020] Examples of the surface-treated rutile titanium oxide to be used preferably in the present invention are, for 
instance, Tipaque (registered trademark) CR-90, CR-95 and CR-97 available from Ishihara Sangyo Kaisha, Limited; 
Titanix (registered trademark) R-805 available from TAYCA CORPORATION; Ti>Pure (registered trademark) R-960 
and R-902 available from Du Pont de Nemour E.I. & Co. Inc.; and the like. Also rutile titanium oxides surface -treated 
to the same extent as in those surface-treated rutile titanium oxides can be used preferably. 

25 [0021] An amount of the surface-treated rutile titanium oxide is from 0.1 to 10 parts by weight (hereinafter referred 
to as "part"),, preferably 0.5 to 10 parts, further preferably 1 to 5 parts based on 100 parts of the fluorine-containing 
resin. When less than 0.1 part, a desired whiteness cannot be given to a coating film, and when more than 20 parts, 
non-sticking property and corrosion resistance of the fluorine-containing resin coating film are lowered. 
[0022] To the fluorine-containing resin powder coating composition of the present Invention is blended a thermal 

30 stabilizer. While various known thermal stabilizers can be used, when dry-blending each component for preparing a 
powder coating composition , since a temperature of the mixture becomes eO^'C or more, usually 70°C or more, thermal 
stabilizers having a melting point of 70^C or more, preferably 80°C or more are used. This is a characteristic point of 
the powder coating composition with respect to the thermal stabilizer 

[0023] Examples of the preferable thermal stabilizer are those comprising an organosulfurous thermal stabilizer, 
35 amine thermal stabilizer and/or metal powder thermal stabilizer 

[0024] Preferable combinations are a combination use of the organosulfurous thermal stabilizer and the amine ther- 
mal stabilizer and a combination use of the organosulfurous thermal stabilizer, the amine thermal stabilizer and the 
metal powder thermal stabilizer 

[0025] Examples of the organosulfurous thermal stabilizer are, for instance, one or more of benzimidazole mercaptan 
40 compounds represented by the formula (I): 



50 



45 




wherein X is H, 2n, Sn or Cd, n is an integer of 1 to 4, 
benzothiazole mercaptan compounds represented by the fonnula (II): 



55 
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wherein X is H, Zn, Sn or Cd, n is an integer of 1 to 4, 
thiocarbamic acids represented by the fomnula (III): 



15 



20 



N- C- S 
II 



M 



n 



25 Wherein each of and R2 is an aryl group or alkyi group having 2 to 1 6 carbon atoms, M is Zn, Sn, Cd or Cu, n is an 
integer of 1 to 4, or salts thereof, 
thiurann nnonosulfides represented by the formula (IV): 



30 



35 



S S 



wherein each of R'', R2, R3 and is an aryl group or all<yl group having 2 to 16 carbon atoms, 
40 thiuram disulfides represented by the formula (V): 



R 



N-C-S-S-C-N 



f 



R" 



50 



Wherein each of R3 and R* is an aryl group or alkyI group having 2 to 16 carbon atoms, and 

organotin mercaptide compounds represented by the formula (Vl): 



55 
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wherein Y is a mercaptan residue, R'' and R2 are the same or different and each is an aryl group or alkyi group having 
2 to 16 carbon atoms. 

[0026] Examples thereof are, for instance, benzimidazole mercaptan compounds represented by the formula (I) such 
as 2-mercaptobenzothiazole and 2-mercaptobenzimidazole; benzothiazole mercaptan compounds represented by the 

'5 formula (II) such as a zinc salt of 2-mercaptobenzothiazole; thiocarbamic acids represented by the formula (III) or salts 
thereof such as zinc ethylphenyldithiocarbamate and zinc dibutyldithiocarbamate; thiuram monosulfides represented 
by the formula (IV) such as tetra-methyl-thiuram monosulfide; thiuram disulfides represented by the formula (V) such 
as tetra-methyMhiuram disulfide; and organotin mercaptide compounds represented by the formula (VI) such as dib- 
ulyllin maleale and dibulyllin mercaptide. 

20 [0027] Among them, benzothiazole mercaptan compounds are preferable from the viewpoint of thermal stabilizing 
effect and chemical resistance. Particularly a zinc salt of 2-mercaptobenzothiazole Is preferable. 
[0028] With respect to the amine thermal stabilizer, aromatic amine themnal stabilizers having three or more benzene 
rings, preferably 3 or 4 benzene rings are preferable, and further those having a melting point of not less than 80°C 
are preferable. The aromatic amine thermal stabilizers function to enhance a thermal stabilizing effect particularly when 

25 used together with the organosulfurous thermal stabilizer due to a difference in a decomposition temperature. 

[0029] Examples of the aromatic amine thermal stabilizer are, for instance, 4,4-bis(a,a-dimethylbenzyl)diphe- 
nylamine, dinaphthylamine, phenyl-a-naphthylamine, phenyl-p-naphthylamine, diphenyl-p-phenylenediamine, phenyl- 
cyclohexyl-p-phenylenediamine, aldol-a-naphthylamine, diphenylamine. and the like. Particularly 4,4-bis(a,a-dimeth- 
ylbenzyl)diphenylamine is preferable. 

30 [0030] Examples of the metal powder themial stabilizer are one or more of cobalt powder, iron powder, zinc powder, 
tin powder and copper powder. A combination use of the metal powder thermal stabilizer with the above-mentioned 
organosulfurous thermal stabilizer and amine thermal stabilizer is more preferable than a single use thereof. 
[0031] A proportion in a weight ratio of the organosulfurous thermal stabilizer, amine themial stabilizer and metal 
powder thermal stabilizer is 50 to 1 00/0 to 50/0 to 50, preferably 50 to 99/1 to 50/0 to 30. 

35 [0032] An adding amount of the thermal stabilizer is from 0.1 to 3 parts, preferably 0.5 to 3.0 parts based on 100 
parts of the fluorine-containing resin. When less than 0. 1 part, a sufficient thermal stabilizing effect cannot be obtained, 
and when more than 3 parts, a whiteness of an obtained coating film is lowered. 

[0033] A particularly preferable combination of thermal stabilizers is the organosulfurous thermal stabilizer repre- 
sented by the formula (II) and the aromatic amine thermal stabilizer having three or more benzene rings and a melting 
-^0 point of 80*'C or more. More concretely preferable Is a combination of a zinc salt of 2-mercaptoben2othlazole and 
4,4-bis(a,a-dimethylbenzyl)diphenylamine desirably in a weight ratio of 50/50 to 99/1 . 

[0034] To the fluorine-containing resin powder coating composition of the present invention may be blended various 
additives for powder coating as far as a whiteness of an obtained coating film Is not lowered remarkably. Examples of 
the additives are, for instance, an antistatic agent such as a carbon fiber, titanic acid whisker or carbon fluoride, a 

^5 reinforcing agent such as a glass fiber or mica, and the like. 

[0035] The powder coating composition of the present Invention can be prepared by mixing in the same manner as 
In a usual method. For example, any of usual mixers such as a sample mill, V-blender, cone blender and ribbon mixer 
and usual pulverizercan be used without any specific limitations. Also the composition can be used in the form of liquid 
or slurry obtained by dispersing the composition into an organic medium or aqueous medium. 

so [0036] An average particle size of the obtained powder coating composition is within a range which has been used 
so far, for example, from 10 to 500 ^m, preferably about 20 ^.m to about 300 |j.m. 

[0037] Also the same coating methods as usual, for example, static coating methods such as spray coating and 
fluidized bed coating, a method of lining by rotation molding, and the like can be used optionally. 
[0038] After coating, the coating film is subjected to baking at a temperature of 300'*C or more, usually from 300^ to 
55 400°C. A thickness of the formed coating film is within a range of from 30 to 5,000 |im. Concretely the coating thickness 
may be selected optionally depending on purpose and application thereof. The composition may be coated thick by 
one coat or may be coated plural times by forming 30 to 1 50 p.m thick coating film by one coat. When coating plural 
times, it is preferable that the baking is carried out for each coat from the viewpoint of adjusting a coating thickness. 
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[0039] A substrate to be coated is not limited as far as it can be coated with conventional fluorine-containing resin 
powder coating compositions. N on -restricted examples thereof are. for instance, metallic substrates such as aluminum, 
stainless steel. Ni alloy and metal die cast substrates; ceramic substrates such as glass and insulator substrates- and 
the like. 

[0040] It is effective to previously surface-treat a surface of the substrate to be coated by sand blasting treatment, 
oxide film coating, or the like depending on kind of a substrate. Also a primer layer may be formed on the substrate.' 
Particularly by fomiing the primary layer, non-uniformity of a color of the obtained coating film can be inhibited further. 
[0041] A coating film which is rich in white and has a whiteness (L value) of 60 or more can be obtained by using 
the fluorine-containing resin powder coating composition of the present invention. Further a coating film having a white- 
ness of 70 or more, further 80 or more can be formed by increasing an amount of the above-mentioned preferable 
surface-treated rutile titanium oxide and by using the above-mentioned preferable combinations of thermal stabilizers. 
[0042] The present invention also relates to the articles having a fluorine-containing resin coating film having such 
a high whiteness on its surface. Non-restricted examples of the articles which are obtained by using the coating film 
of the present invention are. for instance, chemical equipment and parts thereof contacting a chemical substance such 
?5 as a reaction tank, storage tank. pipe, agitator, roll, valve, reaction tower and centrifugal dehydrator. 

[0043] The articles of the present invention are suitable particularly for uses in the fields of medicines, foods and 

medical hygiene because a whiteness thereof is high and detection of stain is easy 

[0044] The present invention is then explained by means of examples, but is not limited thereto. 

20 EXAMPLE 1 

[0045] An agitator (SPEED KNEADER available from Showa Engineering Kabushiki Kaisha) having a 50-liter agi- 
tation chamber equipped with four agitation blades was charged with 10 kg of FEP powder coating composition 
(NC1500 available from DAIKIN INDUSTRIES, LTD.) having an average particle size of 60 ^m and then 0.2 kg of a 
mixture of 4.4-bis(a, a-dimethylben2yl)dipheny lamina, zinc salt of 2-mercaptoben2othiazole and cobalt powder in a 
ratio of 3:3:2 (weight ratio) (stabilizer I in Table 1) and 0.5 kg of surface-treated rutile titanium oxide (Tipaque CR-93 
available from Ishihara Sangyo Kaisha. Limited and surface-treated with a mixture of aluminum oxide/silicon oxide in 
a weight ratio of 2 to 5/3 to 5). followed by dry-blending at 1 .500 rpm for 30 minutes to give a FEP powder coating 
composition. 

[0046] The FEP powder coating composition was applied on an aluminum panel and iron panel in the following 
manner and then subjected to baking. A whiteness (L value), non-unifomiity of color and foaming of the obtained 
coating film were evaluated. The results are shown in Table 1 , 

(Whiteness) 

[0047] The power coating composition is applied on an aluminum panel (1 00 x 1 GO x 1 .5 mm) provided with a primer 
layer (EK1959DGN available from DAIKIN INDUSTRIES. LTD.) on its surface by electrostatic coating at an applied 
voltage of 40 kV with an electrostatic coating machine (GX3300 available from Onoda Cement Kabushiki Kaisha) so 
that a coating thickness after baking becomes about 100 jim. After the coating, the baking Is carried out at SSO'^C for 
30 minutes in an electric oven. Then further the coating and baking are repeated two times (baking conditions at the 
third baking: 340°C x 60 minutes) to produce a test panel having a fluorine-containing resin coating film in a total 
coating thickness of about 250 to 300 fim. A whiteness (L value) of the coating film is measured with SM color computer 
(model SM-7) available from Suga Shikenki Kabushiki Kaisha. 

^5 (Non-uniformity of color) 

[0048] The coaling film of test panel produced for measuring the whiteness is observed with naked eyes and eval- 
uated according to the following criteria. 

50 A: No non-U nifomnity of color. 

B: Slight non-uniformity of color. 
C: Apparent non-uniformity of color. 



25 



30 



35 



40 
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(Degree of foaming) 

[0049] A primer (EK1 083GB available from DAIKIN INDUSTRIES. LTD.) is applied on an iron panel subjected to 
sand blasting, followed by drying at 90°C for 10 minutes and then baking at 380»C for 10 minutes Further a primer 
(EK1 883GB available from DAIKIN INDUSTRIES. LTD.) is applied thereon, dried and baked. A rectangular molding 
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form of 10 X 10 cm is placed on the primer layer and the powder coating composition is filled in the molding form so 
that a coating thickness becomes about 2,000 M-m after the baking. After the molding forni is removed carefully, the 
baking is carried out at 340**C for 14 hours In an electric oven. Then a foaming state of the coating film after the baking 
is observed with naked eyes and evaluated according to the following criteria. 

5 

A: No foaming is recognized. 

B: Slight foaming is recognized. 

C: Foaming Is recognized on the whole surface. 

10 EXAMPLES 2 to 6 

[0050] Fluorine-containing resin powder coating compositions were prepared In the same manner as In Example 1 
except that kind and amount of the thermal stabilizer and an amount of rutile titanium oxide were changed as shown 
in Table 1 , and a whiteness (L value), non-uniformity of color and a degree of foaming were evaluated In the same 
'5 manner as in Example 1 . The results are shown in Table 1 . 

[0051] A thennal stabilizer used In Examples 5 and 6 was a mixture of 4,4-bls(a,a-dimethylbenzyl)dlphenylamlne 
and a zinc salt of 2-mercaptobenzothlazoie in a ratio of 1:1 (weight ratio) (Stabilizer il in Table 1). 

COMPARATIVE EXAMPLES 1 to 6 

20 

[0052] Fluorine-containing resin powder coating compositions were prepared in the same manner as In Example 1 
except that kind and amount of the thermal stabilizer and an amount of rutile titanium oxide were changed as shown 
in Table 1 , and a whiteness (L value), non-uniformity of color and a degree of foaming were evaluated in the same 
manner as in Example 1 . The results are shown in Table 1 . 

25 [0053] In Comparative Examples 1 and 2, no thermal stabilizer was used, and in Comparative Examples 3 and 4, a 
mixture of a zinc salt of 2-mercaptobenzothiazole and dl-p-naphthyl-p-phenylenediamine in a ratio of 1 :1 (weight ratio) 
(Stabilizer III in Table 1) was used as a thermal stabilizer. Also in Comparative Example 5, rutile titanium oxide not 
subjected to surface treatment (FR-22 available from Furukawa Kogyo Kabushiki Kaisha) was used as a whitening 
agent, and in Comparative Example 6, anatase titanium oxide not subjected to surface treatment {FA-65 available from 

30 Furukawa Kogyo Kabushiki Kaisha) was used. 

EXAMPLES 7 to 8 

[0054] Fluorine-containing resin powder coating compositions were prepared in the same manner as In Example 1 
35 except that PFA powder coating composition (AC5500 available from DAIKIN INDUSTRIES, LTD.) was used as a 
fluorine-containing resin and a thermal stabilizer and whitening agent shown In Table 1 were used, and a whiteness 
(L value), non-unifomnity of color and a degree of foaming were evaluated in the same manner as in Example 1 . The 
results are shown in Table 1 . 

40 COMPARATIVE EXAMPLE 7 

[0055] A fluorine-containing resin powder coating composition was prepared in the same manner as in Example 7 
except that kind and amount of the thermal stabilizer and an amount of rutile titanium oxide were changed as shown 
in Table 1 , and a whiteness (L value), nonunlformity of color and a degree of foaming were evaluated In the same 
^5 manner as In Example 7. The results are shown In Table 1 . 
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INDUSTRIAL APPLICABILITY 

[0056] According to the present invention, a fluorine-containing resin powder coating composition giving a fluorine- 
containing resin coating film having a high whiteness can be provided, and various articles which can be produced by 
5 applying the fluorine-containing resin powder coating composition and have a coating film having a high whiteness on 
its outer surface can be provided. 



10 



Claims 



1 . A fluorine-containing resin powder coating composition to be subjected to baking at 300®C or more, In which the 
fluorine-containing resin composition for fomriing a coating film comprises surface-treated rutile titanium oxide 
particles as a whitening agent. 

'5 2. The coating composition of Claim 1 , wherein the surface-treated rutile titanium oxide particles are rutile titanium 
oxide surface-treated with aluminum oxide and/or silicon oxide. 



25 



30 



3. The coating composition of Claim 1 or 2, wherein the fluorine-containing resin composition for forming a coating 
film comprises a fluorine-containing resin, a thermal stabilizer and surface- treated rutile titanium oxide particles. 

4. The coating composition of Claim 3, wherein the fluorine-containing resin composition for forming a coating film 
comprises 0.3 to 3 parts by weight of the thermal stabilizer and 0.5 to 10 parts by weight of the surface-treated 
rutile titanium oxide particles based on 100 parts by weight of the fluorine-containing resin. 

5. The coating composition of any of Claims 1 to 4, wherein the fluorine-containing resin is a perfluoro resin. 

6. The coating composition of Claim 5, wherein the perftuoro resin is a mett-moldabte perfluoro resin. 

7. The coating composition of Claim 6, wherein the perfluoro resin is a copolymer of tetrafluoroethylene, perfluoro 
(alkyt vinyl ether) and/or hexafluoropropytene. 



8. The coating composition of any of Claims 3 to 7, wherein the thermal stabilizer has a melting point of not less than 
70*»C. 



35 9. The coating composition of any of Claims 3 to 8, wherein the thermal stabilizer comprises an organosutfurous 
themnal stabilizer, amine thennal stabilizer and/or metal powder themnal stabilizer. 

10. The coating composition of Claim 9, wherein the organosulfurous themnal stabilizer and amine thermal stabilizer 
are used together. 



40 



45 



11. The coating composition of Claim 9, wherein the organosulfurous thermal stabilizer, amine thermal stabilizer and 
metal powder thermal stabilizer are used together 

12, The coating composition of any of Claims 9 to 1 1 , wherein the organosulfurous thermal stabilizer is one or more 
of a benzlmidazole mercaptan compound represented by the formula (I): 



50 
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c- s 



n 



wherein X is H, Zn. Sn or Cd. n Is an integer of 1 to 4, 
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a ben70thla7ole mercaptan compound represented by the formula (11): 



10 




c - s 



X 



n 



15 



20 



P5 



wherein X is H, Zn, Sn or Cd, n is an integer of 1 to 4, 
a thiocarbamic acid represented by the formula (HI): 



N - C - S 
II 



M 



n 



wherein and r2 are an aryl group or alkyi group having 2 to 16 carbon atoms, M is Zn, Sn, Cd or Cu, n is an 
integer of 1 to 4, or a salt thereof, a thiuram monosulflde represented by the formula (IV): 



30 



35 



,N-C-S-C-N. 

II ■ II \ , 
S S 



40 



wherein , R2, R3 and R* are an aryl group or alkyI group having 2 to 1 6 carbon atoms, 
a thiuram disulfide represented by the fomiula (V): 



^ R^ 



45 \ 

:n - c - s - s 



S S R^^ 
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wherein R"', R2, R3 and arc an aryl group or alkyI group having 2 to 16 carbon atoms, and 
an organotin mercaptide compound represented by the formula (VI): 
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) 




SnY 



10 wherein Y is a mercaptan residue, and are the same or different and each is an aryl group or alkyi group 

having 2 to 1 6 carbon atoms. 

13. The coating composition of Claim 12, wherein the organosulfurous thermal stabilizer is a benzothiazole mercaptan 
compound represented by the formula (II). 

15 

14. The coating composition of Claim 12, wherein the organosulfurous thermal stabilizer is a zinc salt of 2-mercapto- 
benzothlazole. 

1 5. The coating composition of any of Claims 3 to 1 4, wherein the amine thermal stabilizer is an aromatic amine thermal 
^0 stabilizer having three or more benzene rings. 

16. The coating composition of Claim 15, wherein the aromatic amine thermal stabilizer is a compound having a melting 
point of not less than 80'*C. 

25 17. The coating composition of Claim 16, wherein the aromatic amine thermal stabilizer is 4:4-bis(a,a-dimethylbenzyl) 
diphenylamlne. 

18. The coating composition of any of Claims 3 to 9 and 11 to 15, wherein the metal powder thennal stabilizer is one 
or more of cobalt powder, iron powder, zinc powder, tin powder and copper powder. 

30 

19. The coating composition of any of Claims 3 to 7, wherein the thermal stabilizer comprises the organosulfurous 
thermal stabilizer represented by the fomnula (II) and the aromatic amine thermal stabilizer having three or more 
benzene rings and a melting point of not less than 80°C. 

35 20. The coating composition of Claim 19, wherein the thermal stabilizer comprises a zinc salt of 2-mercaptobenzothi- 
azole and 4,4-bis(a,a-dimethylbenzyl)diphenylamine. 

21 . The coating composition of Claim 1 9, wherein the thermal stabilizer comprises a zinc salt of 2-mercaptobenzothl- 
azole and 4,4-bis(a,a-dimethylbenzyl)diphenylamine in a weight ratio of 50/50 to 99/1 . 
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22. A coating film which is a fluorine-containing resin coating film obtained by applying the powder coating composition 
of any of Claims 1 to 21 and baking at SOC^C or more and has a whiteness of 60 or more. 

23. The coating film of Claim 22, wherein the whiteness (L value) is 70 or more. 

24. An article having the coating film of Claim 22 or 23 on a surface thereof. 

25. A tank for medicines, foods and medical hygiene, which has the coating film of Claim 22 or 23 on an inner surface 
thereof. 

26. A chemical equipment and parts thereof having the coating film of Claim 22 or 23 on an outer surface thereof. 
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